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27*  under  an  illumination  of  30-40  uX*K*,*S*1  and  a  16)8  hours 

light) dark  cycle  without  aeration.  Cells  are  grown  in  an  enriched 
seawater  medium  (K-medium)  with  seawater  collected  from  Vero  Beach, 
Florida  or  Charleston,  South  Carolina.  The  vitamin  mixt&es  and 
enrichments  for  the  media  are  prepared  in  concentrated  stocks  and 
sterilized.  G.  toxicus  clones  were  harvested  by  filtration  through 
12  urn  polycarbonate  membranes  and  innoculated  for  mass  culture  into 
12  liter  glass  carboy  microcarrier  flasks.  The  cells  were  kept  in 
suspension  by  a  combination  of  magnetic  stirring  and  aeration.  We 
currently  employ  solvent  partitioning,  pre-column  filtering  and  HPLC 
chromatography  to  prepare  a  semi-purified  extract  of  maitotoxin,  the 
water  soluble  toxin  produced  by  GambierdiscuS  toxicus.  Whole  cells 
are  sonicated,  extracted  in  hot  methanol  and  subjected  to  ether/water 
and  water/butanol  solvent  partitioning.  The  aqueous  extract  is  then 
filtered  through  a  C18  filter.  The  toxin  is  separated  from 
additional  contaminants  us  ng  a  semi-prep  C18  HPLC  column  (Alltech 
Bconosil  22  mm  x  250  mm)  using  70%  methanol  as  the  mobile  phase 
(injection  2  ml;  flow  rate  10  ml/min).  The  toxic  'peak',  eluting  at 
1.5  relative  to  phenol,  has  a  toxicity  of  4  ug/kg  mouse  and 
represents  an  overall  increase  in  toxicity  from  the  whole  cell  stage 
of  140  fold  (toxicity  is  reported  in  mouse  units,  i.e.,  the  dose  that 
kills  50%  of  mice  in  48  bourn).  The  incorporation  of  this  extraction 
method  has  resulted  in  a  more  efficient  preparation  of  semi-purified 
toxin.  "The  mode  of  action  of  many  of  the  marine  neurotoxins  su.h  as 
ciguatoxin  and  brevetoxin  have  been  reported  to  involve  a  common 
binding  site  on  sodium  channels.  An  in  vitro  binding  study  using  a 
rat  brain  synaptosome  preparation  demonstrated  that  brevetoxin  binds 
with  a  high  affinity  and  specificity.--.  The  synaptosomes  showed  a 
saturable  binding  of  brevetoxin  with  increasing  concentrations  of 
toxin  from  2-20  nM.  Scatchard  analysis  of  "total  binding"  resulted 
in  a  line  with  a  slope  of  -.3027  representing  an  apparent 

dissociation  constant(Kd)  of  3.30  nM  with  a  binding  maximum  of  14.61 
pmoles  brevetoxin  bound/mg  synaptosome  protein.  In  a  subsequent 
study,  the  effect  of  maitotoxin  on  brevetoxin  binding  was 

determined.  Incubation  of  synaptosomes  with  .1-20  uM  maitotoxin 

resulted  in  brevetoxin  binding  of  97-114%  of  control.  The  effect  of 
ciguatoxin  on  brevetoxin  binding  to  synaptosome  receptors  was  also 
determined.  Incubation  of  synaptosomes  with  2-100  nM  ciguatoxin 

resulted  in  a  reduction  in  the  binding  of  brevetoxin  ae  the 
concentration  of  ciguatoxin  was  Increased.  At  20  nM  ciguatoxin, 
brevetoxin  binding  was  reduced  to  6C%  of  the  control  and  at  100  nM 
ciguatoxin  the  brevetoxin  was  reduced  to  only  12%  of  the  control. 
With  the  use  of  a  rapid  centrifugation  technique  to  separate 
synaptosome  bound  toxin  from  free  toxin  following  in  vitro  binding  we 

have  demonstrated  that  one  of  the  ciguatera  implicated  toxins, 

maitotoxin,  does  net  displace  brevetoxin  from  its  unique  receptor  and 
therefore  must  produce  its  toxic  effects  with  a  mode  of  action 
different  from  that  of  brevetoxin.  But,  our  results  demonstrate  that 
ciguatoxin  does  affect  the  binding  of  brevetoxin  to  synaptosomee . 
Therefore,  our  results  lend  further  support  to  the  conclusion  that 
maitotoxin  and  ciguatoxin  possess  different  pharmacological  modes  of 
action.  -  v \.,  •  ■  ■  ^  ..  ■  --  t  -4- 
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PRODUCTION  OF  A  PURIFIED  MARINS  NEUROTOXIN  AND  DEMONSTRATION  OF  ITS 
BINDING  AFFINITY  TO  ION  CHANNEL  RECEPTORS 

Jamas  B.  Balthrop,  John  A.  Babinchak,  Panny  B.  Travis, 

Tarasa  L.  Harring  and  Pam  Y.  Brown-Byo 

Ciguatera  is  a  tropical  fish-borne  disease  in  which  both  a  lipid  soluble 
(ciguatoxin)  and  water  soluble  (maitotoxin)  toxin  have  been  implicated.  The 
determination  of  toxin  structure,  cell  binding  characteristics,  and  sensitive 
assays  are  all  dependent  on  an  increased  supply  of  toxins.  In  order  to 
increase  our  production  of  toxin  we  developed  a  mass  culture  technique  using  a 
Gambierdiscus  toxicus  dinof lagellate  strain  obtained  from  Port-de-France  Bay 
near  the  Caribbean  island  of  Martinique.  The  clones  were  maintained  at  27° 
under  an  illumination  of  30-40  uE-M_J,S'1  and  a  16«8  hours  lightsdark  cycle 
without  aeration.  Cells  are  grown  in  an  enriched  seawater  medium  (K-medium) 
with  seawater  collected  from  Vero  Beach,  Florida  or  Charleston,  South 
Carolina.  The  vitamin  mixtures  and  enrichments  for  the  media  are  prepared  in 
concentrated  stocks  and  sterilized.  G.  toxicus  clones  were  harvested  by 
filtration  through  12  urn  polycarbonate  membranes  and  innoculated  for  mass 
culture  into  12  liter  glass  carboy  microcarrier  flasks.  The  cells  were  kept  in 
suspension  by  a  combination  of  magnetic  stirring  and  aeration.  He  currently 
employ  solvent  partitioning,  pre-column  filtering  and  HPLC  chromatography  to 
prepare  a  semi-purified  extract  of  maitotoxin,  the  water  soluble  toxin  produced 
by  Gambierdiscus  toxicus.  Whole  cells  are  sonicated,  extracted  in  hot 
methanol  and  subjected  to  ether/water  and  water/butanol  solvent  partitioning. 
The  aqueous  extract  is  then  filtered  through  a  CIS  filter.  The  toxin  is 
separated  from  additional  contaminants  using  a  semi-prep  C18  HPLC  column 
(Alltech  Econosil  22  mm  x  250  mm)  using  70%  methanol  as  the  mobile  phase 
(injection  2  ml;  flow  rate  10  ml/min) .  The  toxic  'peak',  eluting  at  1.5 
relative  to  phenol,  has  a  toxicity  of  4  ug/kg  mouse  and  represents  an  overall 

increase  in  toxicity  from  the  whole  cell  stage  of  140  fold  (toxicity  is 

reported  in  mouse  units,  i.e.,  the  dose  that  kills  50%  of  mice  in  48  hours). 
The  incorporation  of  this  extraction  method  has  resulted  in  a  more  efficient 
preparation  of  semi-purified  toxin.  The  mode  of  action  of  many  of  the  marine 
neurotoxinB  such  as  ciguatoxin  and  brevetoxin  have  been  reported  to  involve  a 
common  binding  site  on  sodium  channels.  An  in  vitro  binding  study  using  a  rat 
brain  synaptosome  preparation  demonstrated  that  brevetoxin  binds  with  a  high 
affinity  and  specificity.  The  synaptosomes  showed  a  saturable  binding  of 
brevetoxin  with  increasing  concentrations  of  toxin  from  2-20  nM.  Scatchard 
analysis  of  "total  binding"  resulted  in  a  line  with  a  slope  of  -.3027 

representing  an  apparent  dissociation  constant (Kd)  of  3.30  nM  with  a  binding 

maximum  of  14.61  pmoles  brevetoxin  bound/mg  synaptosome  protein.  In  a 
subsequent  study,  the  effect  of  maitotoxin  on  brevetoxin  binding  was 

determined.  Incubation  of  synaptosomes  with  .1-20  uM  maitotoxin  resulted  in 
brevetoxin  binding  of  97-114%  of  control.  The  effect  of  ciguatoxin  on 
brevetoxin  binding  to  synaptosome  receptors  was  also  determined.  Incubation  of 
synaptosomes  with  2-100  nM  ciguatoxin  resulted  in  a  reduction  in  the  binding  of 
brevetoxin  as  the  concentration  of  ciguatoxin  was  increased.  At  20  nM 

ciguatoxin,  brevetoxin  binding  was  reduced  to  65%  of  the  control  and  at  100  nM 
ciguatoxin  the  brevetoxin  was  reduced  to  only  12%  of  the  control.  With  the  use 
of  a  rapid  centrifugation  technique  to  separate  synaptosome  bound  toxin  from 
free  toxin  following  in  vitro  binding  we  have  demonstrated  that  one  of  the 
ciguatera  implicated  toxins,  maitotoxin,  dees  not  displace  bre-^toxin  from  its 
unique  receptor  and  therefore  must  produce  its  toxic  effects  with  a  mode  of 
action  different  from  that  of  brevetoxin.  But,  our  results  demonstrate  that 
ciguatoxin  does  affect  the  binding  of  brevetoxin  to  synaptosomes.  Therefore, 
our  results  lend  further  support  to  the  conclusion  that  maitotoxin  and 
ciguatoxin  possess  different  pharmacological  nodes  of  action. 


A  RAPID  AND  EFFICIENT  METHOD  OF  MAITOTOXIN  EXTRACTION  AND  SEMI-PURIFICATION 
P.  Travis,  T.  Herring  and  J.  Balthrop 
National  Karina  Fisheries  Service 
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We  are  currently  employing  solvent  partitioning,  pre-column  filtering  and 
HPLC  chromatography  to  prepare  a  semi-purified  extract  of  maitotoxin,  the  water 
soluble  toxin  produced  by  Gambierdlscua  toxicus.  Whole  cells  from  a  strain 
isolated  from  Martinique  are  sonicated,  extracted  in  hot  methanol  and  subjected 
to  ether /water  and  water/butanol  solvent  partitioning.  The  aqueous  extract  is 
then  filtered  through  a  C18  filter.  The  filtering  procedure  recovers 
approximately  95%  of  the  toxin  and  removes  approximately  23%  of  the  total 
mass.  The  toxin  is  then  separated  from  additional  contaminants  using  a  semi- 
prep  C18  HPLC  column  {Alltech  Econosil  22  mm  x  250  mm)  using  70%  methanol  as 
the  mobile  phase  (injection  2  ml;  flow  rate  10  ml/min) .  The  toxic  'peak', 
eluting  at  1.5  relative  to  phenol,  has  a  toxicity  of  4  ug/kg  mouse  and 
represents  an  overall  increase  in  toxicity  from  the  whole  cell  stage  of  140 
fold  (toxicity  is  reported  in  mouse  units,  i.e.,  the  dose  that  kills  50%  of 
mice  in  48  hours).  The  incorporation  of  this  extraction  method  has  resulted  in 
a  more  efficient  preparation  of  semi-purified  toxin. 


hui  Culturing  Oamblerdlacua  toxlcua  in  Microcarrier  Spinner  Plasks 
Tanth  Southaaatern  Phycological  Colloquy,  14-16  Octobar, 1988 
Dolpbin  Baach  Resort,  St.  Pataraburg  Baach,  PL 
John  A.  Babinchak  and  Pamela  Brown-Byo 
NMPS,  PO  Box  12607,  Charlaaton  SC  29412 


ABSTRACT 


Microcarrier  epinnar  flasks  wars  applied  as  a  new  technique  for  mass 
culture  of  tha  epiphytic  dinof lagellate,  Gambierdiacus  toxlcua.  The  gantla 
agitation  of  tha  flask  design  maintained  the  dinof lageliata  in  suspension  and 
with  aeration,  stabilized  tha  pH  of  the  medium  during  the  final  growth  phase. 
Call  yield  of  Martinique  G_j.  toxlcua  clone,  MQ2,  in  mass  culture  (4532  i  526 
calls/ml,  N44)  was  equivalent  to  the  yield  obtained  in  one  liter  culture  using 
2.8  litar  Pernbach  flasks  (4735  i  1105  cells/ml,  N26 ) .  Culturing  facilities 
ware  established  at  the  NMFS  Charleston  Laboratory  to  handle  24  culture  flasks. 
Maintaining  a  continuous  schedule  of  alternate  weekly  harvests  and  inoculations 
of  12  flasks  provided  for  the  harvest  of  288  liters  of  culture  or  1.3  xlO* 
calls  (dry  w  .  66  g)  every  28  days.  Determined  by  mouse  bioassay,  CL  toxlcua 
clona,  MQ2,  had  a  whole  cell  toxicity  (LD50)  of  223  cells/MU  and  a  crude 
methanol  extract  toxicity  (LD50)  of  310  cella/MU.  The  capacity  for  toxin 
production  of  the  mass  culture  facility  is  >  4  million  mouse  units  (crude 
methanol  extract)  every  28  days. 
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MARINE  BIOTOXIN  PROGRAM 


DINOFLAGELLATE  TOXIN  PRODUCTION 


John  A.  Bablnchak 


Introduction 

Ciguatera  Is  a  tropical  fish-borne  disease  In  which  a  lipid-soluble  toxin 
(clguatoxln)  and  water-soluble  toxin  (maltotoxln)  are  known  to  cause  the  disease 
(8).  Obtaining  sufficient  quantities  of  these  toxins  from  toxic  fish  Is  a 
tedious  process  (13)  which  has  not  yielded  sufficient  quantities  for  detailed 
analyses.  The  marine  dlnoflagellate,  Gamblerdlscus  toxlcus  (1)  has  been 
Implicated  as  the  producer  of  clguaterlc  toxin:  and  readily  produces  maltotoxln, 
however,  only  limited  quantities  of  clguatoxln  (11,  12,  4,  8,  9).  Production  of 
purified  maltotoxln  for  use  In  defining  Its  structure  and  development  of  assay 
techniques  for  detection  of  clguatoxln  and  maltotoxln  In  fishery  products  are 
goals  of  the  Marine  81 otoxl n  Program  at  the  Charleston  Laboratory.  An  adequate 
supply  of  dlnoflagellate  produced  maltotoxln  Is  a  prerequisite  for  developing 
this  Information.  The  goal  for  FY88  in  G^  toxlcus  production  was  to  develop  a 
mass  culturing  system  which  could  consistently  achieve  maximum  cell  yield  of  G^ 
toxlcus  per  unit  volume  of  culture  medium. 

Statement  of  Work  Performed 

Stock  Cultures 

Three  clonal  strains  of  Gamblerdlscus  toxlcus  were  maintained  as  stock 
cultures  for  toxin  production,  a  Hawaiian  strain,  T39  (9)  and  MQ1  and  MQ2, 
clones  isolated  from  samples  collected  24  April  1986,  In  Fort-de-France  Bay  near 
the  Caribbean  Island  of  Martinique.  Isolation  procedure  was  as  previously 
described  (2).  The  clones  were  maintained  at  27°C  under  an  Illumination  of 
30-40  yE*M-2*S-1  and  a  16:8  hours  1 1 ght : dark  cycle  without  aeration. 

Illumination  was  provided  by  a  mixture  of  Cool  White  (North  American  Philips 
Lighting  Corp.,  Bloomfield,  NJ)  and  Vlta-LItu  (Duro-Test  Corp.,  North  Bergen, 
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NJ)  fluorescent  bulbs.  K  medium  (7),  an  enriched  seawater  medium,  was  used  In 
all  culturing.  Seawater  was  collected  either  from  a  saltwater  well  In  Vero 
Beach,  FL,  or  10  miles  off  Charleston,  SC,  filtered  through  0.45  vim  cartridge 
filters  Into  polycarbonate  carboys  and  refrigerated  In  the  dark  until  used  to 
prepare  media.  The  vitamin  mixtures  and  enrichments  for  K  medium  were  prepared 
In  concentrated  stocks,  filter-sterilized  and  autoclaved  respectively,  stored 
frozen,  and  added  aseptlcally  to  autoclaved  seawater.  G.  toxlcus  clones  were 
harvested  by  filtration  through  12  pm  polycarbonate  membranes,  washed  with 
sterile  seawater  and  Inoculated  at  200-300  cells/ml  Into  2.8  liter  Fernbach 
flasks  containing  1  liter  of  medium.  Stock  cultures  of  T39,  MQ1  and  MQ2  were 
harvested  for  transfers  at  14  days  and  for  toxin  extraction  at  18  to  27  days. 

In  FY88,  a  total  of  451.5  liters  of  mixed  stock  culture  was  harvested  :1eld1ng 
2.0  x  10®  cells  (dry  wt.,  102  g)  for  toxin  extraction. 

Nass  Culture 

The  Martinique  G^  toxlcus  clone,  MQ2,  was  selected  for  mass  culture  since 
It  consistently  reached  cell  densities  >  4000  cells/ml  and  had  a  whole  cell 
toxicity  (Tlme-to-death  L050,  47  cells/MU)  comparable  to  the  highest  toxicity 
reported  for  cultured  G^  toxlcus  (3). 

Microcarrier  spinner  flasks  (Bel  1 co  Glass  Inc.,  Vineland,  NJ)  were  selected 
as  mass  culture  vessels.  The  8  liter  model  was  the  largest  that  could  be 
accommodated  upright  In  cur  sterilizer  and  was  of  a  design  (wide  mouth),  and 
weight  that  could  be  easily  handled  and  cleaned.  The  maximal  working  volume  of 
these  flasks  for  dlroflagellate  culture  was  12  liters.  Magnetic  stirring  units 
(Bellco),  designed  for  nentle  agitation,  maintained  a  stirring  speed  of  20  RPM, 
sufficient  to  prevent  cell  sedimentation  during  growth  without  causing  cell 
damage,  and  also  provide  adequate  exchange  of  gases  In  the  culture  medium. 


Shelving  units  (Figure  1)  were  designed  to  accommodate  six  culture  vessels  and 
stirrers  and  provide  Illumination  from  above  and  behind  at  30yE*M~2.$-l  and  a 
16:8  hour  11ght:dark  cycle.  As  with  stock  cultures.  Illumination  was  provided 
by  a  mixture  of  Cool  White  and  Vlta-Llte  fluorescent  bulbs.  Two  shelving  units 
were  Installed  In  each  of  two  walkln  environmental  rooms  (large  walkln  (LWI) 

1800  cu.  ft.;  small  walkln  (SWI)  600  cu.  ft.)  maintained  at  27*C,  providing 
space  for  culturing  24  vessels  at  one  time.  Vessels  were  Inoculated  at  a  rate 
of  500  washed  cells/ml.  A  schedule  of  alternate  weekly  harvests  and 
Inoculations  of  10  flasks  provided  for  the  harvest  of  240  liters  every  28  days. 
Recent  receipt  of  additional  culture  vessels  will  allow  use  of  all  24  stirring 
units,  Increasing  production  to  288  liters  per  28  days  In  FY89. 

The  only  major  modification  to  the  original  design  of  the  culture  system 
was  the  manner  of  providing  aeration  to  the  cultures.  Aeration  supplys  the 
carbon  needed  for  growth  and  also  stabilizes  the  pH  In  seawater  by  keeping  It 
from  getting  too  high  too  fast  through  the  Interaction  of  the  carbonate  system 
with  pH  (6).  Initially,  air  supplied  by  Whisper  80H  aquarium  air  pumps 
(Wllllnger  Bros.  Inc.,  Englewood,,  NJ)  and  filtered  through  AQ  mlcrofllbre 
disposable  filter  tubes,  gas  efficiency  (at  0.1  micron)  of  99.9999+%,  (Balston 
Filter  Products,  Lexington,  MA)  was  bubbled  Into  the  culture  vessels  tlrough  one 
ml  glass  pipettes.  Using  this  aeration  system,  cell  yields  were  30%  less  than 
produced  In  2.8  liter  Fernbach  flasks  and  pH  values  >  9.6  (Table  1).  Plastic 
air  diffusers,  "dlscard-a-stone",  (Lee's  Aquarium  Products,  San  Marcos,  CA)  were 
attached  to  the  pipette  tips,  resulting  In  a  stabilization  of  the  culture  medium 
pH  and  an  Increase  In  cell  yields  (35%  SWI;  18%  LWI;  Table  1).  The  average 
cellular  yield  differed  between  the  two  environmental  rooms  with  the  smaller 
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walkln  producing  cell  densities  equivalent  to  those  produced  by  one  liter 
culture  In  2.8  liter  Fernbach  flasks  (4735  +  1105  cell  ml"1,  N26;  3). 

In  FY88,  a  total  of  1S23  liters  of  G.  toxlcus  clone,  MQ2,  was  harvested 
from  mlcrocarrlcr  flasks  yielding  7.4  x  10^  cells  (dry  wt.,  376  g)  for  toxin 
extraction. 

Harvesting  Procedure 

A  system  for  harvesting  the  microcarrier  spinner  flasks  was  established 
which  required  minimal  handling  of  the  vessels.  After  21  days  of  Incubation, 
the  stirring  and  aeration  apparatus  were  removed,  the  flask  swirled  and  a  10  ml 
sample  taken  for  determining  cell  counts.  The  cells  were  allowed  to  settle  and 
the  supernatant  removed  with  a  perl  static  pump  and  filtered  through  a  142  mm 
stainless  filter  holder  (30  or  41  micron  nylon  or  polyester  membrane;  Figure  2). 
The  concentrated  mass  of  settled  cells  from  all  the  vessels  were  then  combined 
and  collected  on  a  30  or  41  micron  membrane  In  a  90  mm  glass  filter  holder  which 
produced  a  cake  of  wet  cells  (Figure  3).  The  cells  were  refrigerated  In  80% 
methanol  until  extracted  for  toxin. 

Cell  Counts 

Cell  counts  on  Individual  microcarrier  flasks  were  determined  at  harvest 
using  natural  chlorophyll  autofluorescence  and  direct  eplfluorescence 
microscopy.  Duplicate  0.5  ml  volumes  of  each  microcarrier  sample  were  collected 
on  25  mm  black  polycarbonate  membranes  (5  micron)  and  observed  at  320x  with  a 
video  display.  A  Leltz  Olalux  20  microscope  was  used,  equipped  with  a  150W 
xenon  lamp,  fluorescence  vertical  Illuminator,  KG1  heat  filter,  8G23  blue  filter 
and  a  Leltz  12  filter  block.  Twelve  fields  or  a  minimum  of  400  cells  per  sample 
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were  counted.  Cell  drnsltles  for  harvested  cells  resuspended  In  1%  Tween  80 
were  determined  with  five  replicated  counts  using  Palmer-Maloney  chambers.  Cell 
densities  for  pooled  stock  cultures  at  harvest  were  determined  counting  20 
fields  each  of  duplicate  samples  using  Palmer-Maloney  chambers. 

Algal  E:: tract 

Bomber  (5)  determined  In  tube  culture  that  K  medium  with  a  reduced 
concentration  of  Na2  EDTA  (1  x  10“4*5m)  and  added  aqueous  rhodophyte  extract 
(50  mg/liter),  "Super  K  medium",  supported  the  highest  yield  >  1  gl"1  and  growth 
rate  0.85  division  day"1  of  Martinique  strain  MQ1.  A  study  was  Initiated  to 
determine  what  effect  these  cultural  parameters  would  have  on  final  cell 
densities  of  clone  MQ2  grown  In  microcarrier  flasks.  The  macroalgal  extract  was 
prepared  by  homogenizing  Heteroslphonla  glbbesl  In  distilled  H2O  (1:2, 
welghtrvolume) ,  autoclaving,  filtering  through  12  micron  polycarbonate  membranes 
and  reautoclaving.  toxlcus  strains  may  take  up  to  six  transfers  to  acclimate 
to  new  cultural  parameters  (8omber,  pers.  commun.),  however  the  amount  of 
macroalgal  extract  needed  to  accomplish  this  In  mass  culture  was  not  available. 
Extraction  of  160  g  of  glbbesl  produced  1995  mg  of  extract,  enough  to 
statistically  test  "Super  <  medium"  In  tube  culture,  but  only  enough  for  3.3 
microcarrier  flasks.  Cell  yields  of  MQ2  In  microcarrier  flasks  using  "Super  K 
medium"  were  less  then  for  K  medium  (Table  2).  The  study  was  terminated  because 
of  the  prohibitively  large  quantities  of  the  rhodophyte  extract  required  to 
sustain  mass  culture  even  If  accl Stated  culture  demonstrated  Increased  cell 
yields. 
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Toxicity  of  H02 

Cells  for  whole  cell  bioassay  were  harvested  by  filtration  (12  micron 
polycarbonate  membranes)  and  resuspended  In  distilled  water  containing  1% 

Tween  80.  Toxlcltles  of  whole  cells  (LD50)  were  determined  by  ultrasonic 
disintegrating  (2  30-s  bursts  at  Q°C)  the  cell  suspensions  and  Injecting 
0.2-0. 3  ml  of  appropriate  cell  concentrations  Intraperl toneally  Into  female  ICR 
mice  weighing  approximately  20  g.  Whole  cell  toxlcltles  for  MQ2  from  mass 
culture  was  0.57  mg/kg  mice  or  223  cells/MU.  Toxicity  of  a  crude  methanol 
extract  of  these  same  cells  was  0.16  mg/kg  mice  or  310  cells/MU.  Toxicity 
recovery  in  a  crude  methanol  extract  ranged  from  75  to  95*  of  whole  cell  values 
(pers.  commun.,  Jim  Balthrop). 
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Microcarrier  spinner  flasks  were  applied  as  a  new  technique  for  masls 
culture  of  the  epiphytic  dlnoflagellate,  Gamblerdlscus  toxlcus.  The  gentle  agi¬ 
tation  of  the  flask  design  maintained  the  dlnoflagellate  In  suspension  vjlthout 
any  detrimental  effect  on  Its  growth  rate,  and  with  aeration,  stabilized  the  pH 
of  the  medium  during  the  final  growth  phase.  Cell  yield  of  Martinique  (j. 
toxlcus  clone,  MQ2,  In  mass  culture  (4532  +  526  cells/ml,  N44)  was  equivalent  to 
the  yield  obtained  In  one  liter  culture  using  2.3  1  Fernbach  flasks  (47^5  +  1105 
cell /ml ,  N26).  Culturing  facilities  were  established  at  the  NMFS  Charleston 
Laboratory  to  handle  24  culture  vessels  and  using  a  continuous  schedule  of 
alternate  weekly  harvests  and  Inoculations  of  12  flasks,  provided  for  the  har¬ 
vest  of  288  liters  of  culture,  or  1.3  x  109  cells  (dry  wt.  66  g)  every  J!8  days, 
using  mouse  bioassay,  toxlcus  clone,  MQ2,  had  a  whole  cell  toxicity  I1D50)  of 
223  cells/MU  and  a  crude  methanol  extract  toxicity  (LD50)  of  310  cells/MU. 

The  capacity  for  toxin  production  of  the  mass  culture  facility  Is  >  4  million 
mouse  units  (crude  methanol  extract)  every  28  days.  Total  Gu  toxlcus  production 
for  FY88  was  9.4  x  109  cells  (dry  wt.,  478  g)  representing  30  million  m^use 
units  (crude  methanol  extract). 


Table  1.  Mean  cell  densities  of  G;.  toxlcus  clone,  MQ2,  mass  cultured  In 
microcarrier  spinner  flasks. 


Incubator  Aeration  Cells/ml  pHa 


nonalrstone 

3357  +  488  (N25) 

9.9  (N6) 

alrstone 

4532  ♦  526  (N44) 

8.9  (N44) 

nonalrstone 

3296  +  515  (N27) 

9.6  (N17) 

alrstone 

3886  +  473  (N45) 

8.8  (N45) 

a  K  medium  at  harvest 


Table  2.  Mean  cell  densities  of  G;,  toxlcus  clone,  MQ2,  grown  In  mlcrocarrl 
spinner  flasks. 


Incubator  Medium 


SWI 


LWI 


Super  K 


K 

Super  K 


Cells/ml 
4024  +  756  (N3) 

4784  ♦  523  (N7) 
3506  +  414  (N3) 


K 


4272  ♦  570  (N7) 


Figure  1.  Mass  culturing  setup  for  microcarrier  flasks. 


Figure  3.  Cell  cake  of  harvested  Gi  toxlcus. 
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Several  potent  marine  neurotoxine  such  aa  maitotoxin,  ciguatoxin, 
saxitoxin,  brevetoxin  and  tetrodotoxin  are  known  to  threaten  human  health 
(Table  1).  Ciguatoxin  poisoning  results  from  eating  predaceous  subtropic  or 
tropic  finfish,  such  as  grouper,  red  snapper,  barracuda,  sea  bass  and 
amberjack.  These  fish  accumulate  the  toxin  from  their  diet  (Nukina  et  al., 
1984)  by  feeding  on  smaller  fish  that  have  in  turn  fed  on  marine  plankton 
carrying  the  toxin. 


Table  1.  Marl  ne  Heurotoxins 


Toxin 

Source 

ISSO/Bg  sics 

Palytoxin 

Palythoa  mammilosa 

50-100  ng 

Maitotoxin 

Oaabierdiacus  toxicus 

170  ng 

Ciguatoxin 

Gsabierdiscus  toxicus 

450  ng 

Tetrodotoxin 

Tapes  semidecussata 

8-20  ug 

Brevetoxin  , 

Ptychodiscus  brevis 

250  ug 

*  Haul  and  Daftari,  1986 
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Ciguatoxin  and  maitotoxin  ara  the  principal  .oxina  raaponsibla  for 
ciguatera  poisoning;  the  dinoflagellate,  Gambierdiscua  toxicus,  ia  tha  primary 
producer  of  ciguatoxin  and  maitotoxin  (Yaaumoto  et  al.,1977).  Since  tha 
cultured  dinof lagellate  has  been  ahown  to  produce  moatly  maitotoxin  and  only 
trace  amounts  of  ciguatoxin,  an  assay  for  purified  ciguatoxin  has  been  limited. 
However,  culturing  efforts  in  our  laboratory  have  produced  a  riaole 
dinof lagellate  strain  from  Martinique  from  which  maitotoxin  and  ciguatoxin  have 
been  isolated. 

The  mode  of  action  of  many  of  tha  marina  neurotoxins,  involves  binding  to 
cell  membrane  ion  receptors  (Table  2).  Saxitoxin  and  tetrodotoxin  bind  to  a 
common  receptor  site  (site  1)  affecting  sodium  channels  (Davio  et  al.,  1984; 
Kruegur  at  al.,  1979).  Ciguatoxin  and  bravetoxin  have  also  been  reported  to 
act  at  a  common  binding  site  (site  5)  on  aodium  channels  (Lombet  et  al., 

1987) .  Maitotoxin  is  reported  to  be  a  calcium  channel  activator.  Evidence  for 
specific  maitotoxin-receptor  binding  is  baaed  on  evidence  such  as  calcium  flux 
(Freedman  et  al.,  1984,  Takahashi  et  al.,  1982)  and  calcium  dependent 
contraction  of  smooth  muscle  (Ohizumi  et  al.,  1983;  Ohizumi  and  Yasumoto  1983 
a,b;  and  Taicahashi  et  al.,  1983). 
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Table  2.  Toxin*  and  Sodlua  Channala  * 

Receptor  Site  Ligand  Physiological  Effect 

1  Tetrodotoxin  Inhibit  ion  conductance 

Saxitoxln 

Conotoxin* 

2  Batrachotoxin  Peraiatant  activation 

Veratrum  alkaloid* 

Grayanotoxina 

3  a-acorpion  toxin*  Inhibit  inactivation 

aea  anemone  toxina 

4  b-acorpion  toxina  Shift  activation 

5  Brevetoxina  Shift  activation  and 

Ciguatoxin  Inhibit  Inactivation 


Baden  1989 


We  employed  solvent  partitioning,  pre-column  filtering,  and  HPLC 
chromatography  to  prepare  a  semi-purified  extract  of  aaitotoxin,  the  water 
soluble  toxin  produced  by  G.  toxicus.  Whole  cells  are  sonicated,  extracted  in 
methanol,  and  subjected  to  ether /water  and  water/butanol  solvent  partitioning. 
The  aqueous  extract  is  then  filtered  through  a  C18  cartridge.  The  filtering 
procedure  recovers  approximately  95%  of  the  toxin  and  removes  approximately  23% 
of  the  total  mass.  The  toxin  is  then  separated  from  additional  contaminants 
ueing  a  semi-preparative  C18  HPLC  column  (Alltech  Xconosil  22  mm  x  250  mm)  with 
70%  methanol  as  the  mobile  phase  (Figure  1). 

Figure  1.  Maitotaxin  Preparation 

Harvest  Mass  Cultured  0.  toxicus 
Sonicate  Cells 
Xxtract  in  80%  Methanol 
Filter  With  .2  Micron  PTFI 
Partition  Between  Kt her /Water 
Partition  Between  Butanol/Water 
Prefilter  With  CIS  Cartridge 
HPLC  C18  Peverse  Phase  70%  Methanol 
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The  ciguatoxin,  a  lipid  soluble  compound,  was  isolated  by  extracting  the 
G.  toxicus  cells  with  80%  methanol,  followed  by  liquid-liquid  solvent 
partitioning  using  ether/water  and  silicic  acid  column  chromatography  using 
chloroform/methanol  (9s 1)  as  the  eluant  (Figure  2). 


Figure  2.  Ciguatoxin  Preparation 

Harvest  Mass  Cultured  G.  toxicus 
Sonicate  Cells 
Xxtract  in  80%  Methanol 
Filter  With  .2  Micron  PTF* 

Partition  Between  Xther /Water 
Silicic  Acid  Chromatography  9s 1  ChloroformsMethanol 


agniBfegiggaJEsa Mr  Ion 

Synaptoeomes  were  prepared  on  the  day  of  each  experiment  from  a  single  rat 
brain  (Harlan  Sprague  Dawley,  Outbred  rat  HSDs(SD)BR,  300-400  g)  using  the 
technique  described  by  Dodd  et  al.  (1981)  for  the  isolation  of  ion  channel 
receptors  (Figure  3).  Cerebral  cortices  were  homogenized  in  0.32  M  sucrose  and 
centrifuged  at  low  speed  (2400  x  g)  in  a  Sorvall  model  RC5B  centrifuge  and  SM 
24  rotor.  The  supernatant  was  layered  directly  onto  1.2  M  sucrose  and 
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centrifuged  at  high  speed  (230,000  x  g)  in  a  Sorvall  model  RC70  ultracentrifuge 
and  TH641  rotor.  The  interface  was  removed,  layered  onto  0.8  M  sucrose  and 
again  centrifuged  at  high  speed.  The  resulting  pellet  contained  the 
synaptosomes , with  active  ion  binding  sites  (Figure  3).  The  protein  content  of 
the  synaptosome  preparation  was  determined  using  the  Lowry  protein  assay  with 
bovine  serum  albumin  as  a  standard.  A  correction  in  absorbance  was  made  for 
the  HEPKS  present  in  the  preparation. 


Figure  3.  Synaptosome  Preparation 

Homogenize  Cerebral  Cortices  in  10  Volumes  of  0.32  M-  Sucrose 
Centrifuge  at  2400  x  g,  10  ain 
Layer  Supernatant  on  1.2  M  Sucrose 
Centrifuge  at  230,000  x  g,  15  min 
Remove  Interface  and  Dilute  With  .32  M  Sucrose 
Layer  Diluted  Interface  on  0.8  M  Sucrose 
Centrifuge  at  230,000  x  g,  15  min 
Suspend  Synaptosome  Pellet  in  Binding  Medium 
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Binding  Studies 

Experiment  1 

A  100  ul  aliquot  of  the  synaptosome  preparation  containing  97  ug 
total  protein  was  incubated  with  increasing  concentrations  (2-20  nM)  of  [ 3 H]  — 
Brevetoxin  (PbTx-3) , (42-5H(N) ]  (New  England  Nuclear).  The  binding  medium  (Poli 
et  al.,  1986)  consisted  of  50  mM  HEPES  (pH  7.4),  130  mM  choline  chloride,  5.5 
mM  glucose,  0.8  mM  magnesium  sulfate,  5.4  mM  potassium  chloride,  1  mg/ml  BSA 
and  0.02  %  Emulphor-BL  620  (GAP)  a  non-ionic  detergent. 

Triplicate  binding  assays  were  performed  in  1.5  ml  Kppendorff 
microfuge  tubes  for  each  brevetoxin  concentration  (1  ml  total  volume,  1  hour, 

4°  ) .  The  binding  reaction  waa  stopped  and  the  bound  and  free  brevetoxin  were 
separated  by  centrifuging  for  2  minutes  at  15,000  x  g  in  an  Zppendorff 
microfuge.  Supernatant  solutions  were  aspirated  and  the  pellets  were  rinsed 
with  2  ml  of  a  rinse  medium  consisting  of  5  mM  HEPES  (pH  7.4),  163  mM  choline 
chloride,  1.8  mM  calcium  chloride,  0.8  mM  magnesium  sulfate,  and  1  mg/ml  BSA. 

A  500  ul  aliquot  of  the  supernatant  (free  brevetoxin)  from  each  tube  was 
transfered  to  liquid  scintillation  vials  containing  15  ml  of  Econofluor  (NEN) 
liquid  scintillation  cocktail.  The  pellets  (bound  brevetoxin)  were  transfered 
to  liquid  scintillation  vials  containing  15  ml  of  Econofluor.  The 
f1  H]  Brevetoxin  was  counted  in  a  LXB  1211  scintillation  counter. 
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Kxpcrimant  2 

A  100  ul  aliquot  of  the  synaptosooe  preparation  containing  93  ug 
total  protein  and  10  nM  [JH]  Brevetoxin  was  incubated  in  triplicate  with 
increasing  concentrations  of  maitotoxin  (0,  .1,  1,  2,  10,  and  20  uM)  assuming  a 
molecular  weight  of  3425  and  a  toxicity  of  .13  ug/kg  as  reported  by  Yasumoto  et 
al.  (1988).  The  incubation  medium  and  procedures  to  isolate  the  bound  and  free 
brevetoxin  were  the  same  as  in  experiment  1. 

Experiment  3 

A  100  ul  aliquot  of  the  synaptosome  preparation  containing  98  ug 
total  protein  and  10  nM  (l H]  Brevetoxin  was  incubated  in  triplicate  with 
increasing  concentrations  of  ciguatoxin  (0,  2,  10,  20,  100  nM)  assuming  a 
molecular  weight  of  1112  and  a  toxicity  of  .45  ug/kg  as  reported  by  Scheuer  et 
al.  (1967).  The  incubation  medium  and  procedures  to  isolate  the  bound  and  free 
brevetoxin  were  the  same  as  in  experiment  1. 
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RESULTS  AMD  DISCUSSION 


Maitotoxin  and  ciguatoxin  ara  tha  primary  toxina  involvad  in  ciguatara 
toxicity.  Many  auch  naurotoxina  ara  known  to  act  specifically  on  various  kinds 
of  ion  channela  and  neurotranamittar  receptors  (Cattarall, 1980) .  Tha 
demonstration  that  maitotoxin  and  structurally  known  polyether  compounds  auch 
as  bravatoxina  and  okadaic  acid  can  inhibit  ciguatoxin  antibody  binding  in 
toxic  fish  samples  suggests  that  both  maitotoxin  and  brevetoxin  are  closely 
related  to  ciguatoxin  (Hokama  at  al.,  1984). 

An  in  vitro  binding  study,  Experiment  1,  using  a  rat  brain  synaptoaome 
preparation  demonstrated  that  brevetoxin  binds  with  a  high  affinity  and 
specificity.  The  synaptosomea  showed  a  saturable  binding  of  brevetoxin  with 
increasing  concentrations  of  toxin  from  2->20  nM  (Figure  4).  Scatchard  analysis 
of  "total  binding"  resulted  in  a  line  with  a  slope  of  >.3027  representing  an 
apparent  dissociation  constant(Kd)  of  3.30  nM  with  a  binding  maximum  of  14.61 
pmoles  brevetoxin  bound/mg  synaptoaome  protein  (Figure  5). 

Poli  et  al.  (1986)  has  reported  from  7-12%  for  nonspecific  binding  at  4°. 
The  microcentrifuge  techniques  used  to  separate  bound  and  free  toxin  results  in 
less  nonspecific  binding  than  would  be  obtained  with  a  filtration  assay. 
Correcting  for  'nonspecific  binding”,  resulted  in  a  line  with  a  slope  of  - 
.2988  and  an  apparent  dissociation  constant  of  3.35  nM  with  a  binding  maximum 
of  13.25  pmoles  toxin/mg  of  synaptosome  protein. 
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The  calculated  dissociation  constant  of  3.30-3.35  nM  for  brevetoxin  and 
rat  brain  synaptosomes  is  in  good  agreement  with  the  Kd  of  2.9nM  reported  by 
Poll  et  al.  (1986).  Furthermore,  it  is  also  similar  to  those  values  reported 
by  Wu  et  al.  (1985)  and  Huang  et  al.  (1984)  for  squid  axons  (1.7nM)  and  by 
Baden  et  al.  (1984)  for  rat  phrenic  nerve  hemi-diaphragm  (5nM).  Other  marine 
toxins  such  as  tetrodotoxin  and  saxitoxin  have  shown  similar  affinities  (Kd) 
for  synaptosomes  (1.7-2. 3  nM). 

In  a  subsequent  study,  Experiment  2,  the  effect  of  maitotoxin  on 
brevetoxin  binding  was  determined.  Incubation  of  synaptosomes  with  0.1-20  uM 
maitotoxin  resulted  in  brevetoxin  binding  of  97-114%  of  control  (Figure  6). 
these  results  indicate  maitotoxin  was  unable  to  displace  brevetoxin  from 
synaptosomes.  Brevetoxin  has  been  shown  to  bind  to  a  different  sodium  receptor 
site  (site  5)  than  other  toxins  (Poll  et  al.,  1986).  Therefore,  it  appears 
that  maitotoxin  does  not  bind  to  the  same  unique  brevetoxin  receptor  site. 


7.  Bound 


uM  MTX 


rtgur«  6.  Bf fact  of  Maitotoxin(MTX)  on  Bravatoxin  Binding  to  Synaptoaomaa .  A 
synaptoaocaa  praparation  containing  93  ug  total  protain  and  10  nM  brava toxin  was 
incubatad  in  triplicata  with  .1  to  20  uM  maitotoxin. 
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However,  ciguatoxin  has  been  reported  to  share  a  common  and  unique 
receptor  site  on  the  sodium  channel  with  brevetoxin  (Lombet  et  al.,  1987). 
Furthermore,  the  cross-reactivity  of  brevetoxin  antibodies  to  ciguatoxin 
implies  a  close  structural  and  perhaps  pharmacological  relationship  between 
brevetoxin  and  ciguatera  toxins.  The  effect  of  ciguatoxin  on  brevetoxin  binding 
tt  synaptosome  receptors  was  determined  in  Experiment  3.  Incubation  of 
synaptosomes  with  2-100  nM  ciguatoxin  resulted  in  a  reduction  in  the  binding  of 
brevetoxin  as  the  concentration  of  ciguatoxin  was  Increased  (Figure  7).  At  20 
nM  ciguatoxin,  brevetoxin  binding  was  reduced  to  65%  of  the  control  and  at  100 
nM  ciguatoxin  the  brevetoxin  was  reduced  to  only  12%  of  the  control. 


Figure  7.  affect  of  Ciguatoxin  (CTX)  on  the  Binding  of  Brevetoxin  to 
Synaptoeooes .  Ciguatoxin  (2-100  nM)  waa  incubated  in  triplicate  with  98  ug  of 
rat  brain  synaptoacae  protein  and  10  nM  tritiated  brevetoxin. 
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With  the  use  of  a  rapid  centrifugation  technique  to  separate  aynaptosome 
bound  toxin  from  free  toxin  following  in  vitro  binding  we  have  demanatrated 
that  one  of  the  ciguatera  implicated  toxina,  maitotoxin,  does  not  displace 
brevetoxin  from  its  unique  receptor  and  therefore  must  produce  its  toxic 
effects  with  a  mode  of  action  different  from  that  of  brevetoxin.  But,  our 
results  demonstrate  that  ciguatoxin  does  affect  the  binding  of  brevetoxin  to 
synaptosomes .  Therefore,  our  results  lend  further  support  to  the  conclusion 
that  maitotoxin  and  ciguatoxin  possess  different  pharmacological  modes  of 
action. 


. . .  jW 
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